Abstract-Dual action of quantum-dot saturable absorber and Kerr lens mode locking of a diode-pumped Yb:KGW laser was demonstrated. The laser delivered 105 fs pulses with 2.5 W of average power and >300 kW of peak power.
I. INTRODUCTION
Current advances in quantum-dot semiconductor saturable absorber mirror (QD-SESAM) design have enabled robust ultrashort pulse passive mode locking of solid-state and fibre lasers [1] , [2] . On the other hand, recent work based on the dual action of Kerr lens and quantum-well saturable absorber mode locking (KLAS) demonstrated generation of ultrashort pulses with high average and peak powers [3] , [4] . Therefore, QD-SESAMs owing to the faster recovery times when compared to their quantum-well counterparts, present an attractive alternative for KLAS mode locking. In this work we explored this possibility and demonstrated generation of 105 fs pulses with 2.5 W of average power (>300 kW of peak power) from a diode-pumped Yb:KGW laser. To the best of our knowledge, this is the most powerful femtosecond laser based on the QD-SESAMs to date.
II. EXPERIMENTAL SETUP AND RESULTS
The laser used a 5 mm-long Yb:KGW crystal with 1.5 at.% doping level (cut along the Ng-axis) in a folded Z-cavity similar to [3] . The crystal was pumped at 980 nm by a 30 W fibre-coupled laser diode which was focused to a 300 m spot size in diameter. The crystal absorbed 50-60% of the pump power depending on the pump power level and produced up to 5 W of output power in the continuous wave regime. The QD-SESAM (grown by Innolume GmbH) with a modulation depth of ~0.5% and a saturation fluence of 10-15 J/cm 2 [2] was used as the cavity end mirror. The dispersion compensation was accomplished by the Gires-Tournois interferometer (GTI) mirrors, providing a round trip GDD of -4400 fs 2 . The soft aperturing effect induced by Kerr lensing was introduced by adjusting the cavity mode size to be slightly larger than the pump spot size. Using a 10% output coupler the laser generated nearly transform-limited 105 fs pulses ( Fig. 1 ) with 2.5 W of average output power at 29 W of pump power. The laser radiation was parallel to the Nm-axis of the crystal. Taking into account the repetition rate of 76.7 MHz, this corresponded to >32 nJ of pulse energy and 310 kW of peak power. The mode locking dynamics was similar to the previously described one [3] , [4] . Without the QD-SESAM no pure Kerr lens mode locking could be achieved. At the same time when Kerr lensing was minimized only the Q-switched or multiple pulse mode locking was observed. Our results compare favourably with the previous demonstration of 114 fs pulses with 0.5 W of output power (or 200 fs with 1 W) from a QD-SESAM mode-locked Yb:KYW laser [2] . On the other hand, the generated 105 fs pulses are longer than the 67 fs reported earlier [3] . This can be in part attributed to the lower modulation depth of the used QD-SESAM as well as to the uncertainty in its dispersive properties which could result in overcompensated dispersion. We believe that further optimization of the KLAS mode locking performance can lead to the generation of powerful sub-100 fs pulses.
